1) (H 2 sae = 2-salicylideneamino-1-ethanol) has been synthesized by the reaction of MnCl 2 ·4H 2 O, H 2 sae and sodium azide in the mixed solvent of methanol, acetonitrile and water. The X-ray diffraction analysis shows that the four Mn(III) ions in complex 1 have a unique adamantine arrangement, whereas the coordination environment of each Mn(III) ions is different. Magnetic studies indicate that complex 1 manifests antiferromagnetic behaviors. The magnetic susceptibilities of complex 1 have been fitted by two magnetic models based on the suitable analysis of its magnetic structural topology.
Introduction
In the field of molecular magnetic materials, the famous manganese molecular clusters complexes Mn 12 O 12 (CH 3 C-O 2 ) 16 (H 2 O) 4 and its derivatives have attracted intense interest due to their relatively excellent single molecule magnets behaviors (SMMs). [1] [2] [3] [4] Therefore, in very recent years, the synthesis and assembly of manganese multinuclear complexes with high-spin ground states and large magnetic anisotropy have been one hot topic for constructing new and amusing molecular magnets.
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Based on the understanding on the nature of magnetic coupling in Mn 12 , new polynuclear manganese complexes containing oxygen bridges are more expected. 9 Along this idea, many new manganese clusters have been synthesized based on O-containing ligands and some of them interesting exhibit single molecule magnets behaviors. [10] [11] [12] The O-containing ligand used for the synthesis of polynuclear molecular clusters not only include classical carboxylic acid, 13 but also include Schiff base ligands, 14 phenolic ligands and their derivatives. 15 Among the numerous O-containing ligands, Schiff base ligands have attracted durative much attention because they manifest more diversity in assembly multinuclear complexes resulting from both nitrogen and oxygen atoms. 16, 17 Compared with the rigid Schiff base ligands, the flexible Schiff base ligands are more suitable for the assembly of polynuclear complexes with unique molecular structures and fascinating properties. 18 Recently, we selected a flexible Schiff base H 2 sae as the main ligand, and small azide anion was introduced as the terminal or bridging ligand, a new adamantane-shaped tetranuclar Mn(III) complex with formula [Mn
Herein, we report the synthesis, crystal structure and magnetic property of the title complex.
Experimental Section
Measurements. Elemental analyses (C, H and N) were carried out on an Elemental Vario E1 instrument. The infrared spectroscopy on Nicolet 7199B FTIR spectrophotometer in the 4000-400 cm -1 regions. Magnetic properties measurements on crystal samples were performed on a Quantum Design MPMS SQUID magnetometer. The experimental susceptibilities were corrected for the diamagnetism estimated based on Pascal's constants.
Synthesis of Complex 1. MnCl 2 ·4H 2 O (3 mmol) was added to a solution of H 2 sae (3 mmol) in methanol (15 mL), the mixture was stirred at room temperature and then acetonitrile (10 mL) was added. To the above solution, an aqueous solution (5 mL) of NaN 3 (10 mmol) was added carefully. The resulting mixture was stirred for 15 min and filtered, the filtrate was left undisturbed at room temperature and brown cubic block crystals suitable for X-ray single crystal diffraction were obtained after several days. Crystal Structure Determination. Crystals data of complex 1 was selected on a Bruker APEX II CCDC diffractometer with graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å) at 293 K using the ω-scan technique. The structure was solved by direct methods with the SHELXS-97 computer program, and refined by full-matrix least-squares methods (SHELXL-97) on F
2
. Detailed information about the crystal data and structure determination for complex 1 is summarized in Table 1 . The selected bond distances and bond angles are given in Table 2 . Crystallographic data for complex 1 has been deposited with CCDC-987816. This data can be obtained free of charge via www.ccdc.cam.ac.uk/ conts/retrieving.html or from CCDC, 12 Union Road, Cambridge CB2 1EZ, UK. E-mail: deposit@ccdc.cam.ac.uk.
Results and Discussion
Crystal Structure of Complex 1. Single crystal X-ray diffraction analysis reveals that complex 1 crystallizes in monoclinic space group P2 1 /n. The crystal structure of complex 1 is shown in Figure 1 . Complex 1 has a adamantaneshaped structure consisting of four independent Mn(III) ions which were linked by four doubly deprotonated sae ligands, one azide anion and one oxygen atom. The coordination geometries of the four Mn(III) ions is shown in Figure 2 . The crystal structure of complex 1 clearly shows that the coordination environments of four Mn(III) ions are different from each other, but it is in common that each of them has a trident sae ligand at equatorial plane. Mn(1) is coordinated by two oxygen atoms (O(1) and O(2)) and one nitrogen atom (N(1)) from the sae ligand and one oxygen atom (O(6)) from another sae ligand belongs to Mn(3) at the equatorial plane. Mn(1) and the four coordination atoms in the equatorial position are almost in the same plane with the maximum deviation of 0.051 Å (N(1)), the bond lengths of the Mn-O Table 2 . Selected Bond Distances (Å) and Angles (
124.19 (16) 125.72 (16) 92.25 (13) 81.26 (17) Mn (4) (4) 139.72 (16) 104.59 (15) 112.87 (15) 125.20(17) (4)) and one nitrogen atom (N(2)) from the sae ligand and one independent oxygen atom (O(9)) at the equatorial plane, which form a plane with a maximum deviation of 0.041 Å (O(9) and O(3)). Mn (2) is completed by one hydroxyl oxygen and one nitrogen atom (N(5)) from the bridging N 3 -ion at axial direction. Mn (3) is surrounded by two oxygen atoms (O(5) and O(6)) and one nitrogen atom (N(3)) from the sae ligand along with one independent oxygen atom (O(9)) at equatorial plane, which form a plane with a maximum deviation of 0.042 Å (O (9)) and a distance of 0.037 Å from Mn(3). Mn (3) is axially occupied by one oxygen atom (O(8)) from the sae ligand belongs to Mn(4) and one nitrogen atom (N(5)) from the bridging N 3 -ion. Mn(4) is chelated by two oxygen atoms (O (7) and O (8)) and one nitrogen atom (N(4)) from the sae ligand and one independent oxygen atom (O(9)) at the equatorial plane. Mn(4) is axially chelated by one oxygen atom (O(2)) from the sae ligand and weak-coordinated oxygen atom from water with the bond distance of Mn (4) The reason for the occurrence of such a low bridging angle is that the coordination of N(5) for Mn (2) and Mn(3) ions are axial. To the best of our knowledge, it is the lowest bridging angle for azide-bridged complexes. In the complex {[Mn
, the bridging angle of azide with EO mode is 84.04 (8) o which is considered as the lowest linking angle previously. 22 Azide ion is approximately linear with the bond angle of N(5)-N(6)-N(7) = 177.7 (8) o in complex 1. Other coordination bond lengths are in the normal range. 19, 21, 23, 24 The shortest intramolecular distance between the two metal atoms is 2.9707(11) Å for Mn(3)---Mn(4). It is worth noting that the supramolecular structure of complex 1 is relatively simple due to the lack of relatively strong intermolecular interactions. Two clusters of complex 1 are linked together by π-π interactions between the two neighboring benzene rings, forming dimeric supramolecular structure ( Figure S1 ). overall antiferromagnetic interactions in complex 1.
In complex 1, the magnetic coupling between each pair of Mn(III) ions are extraordinary complicated due to the fact that the coordination environments of the four Mn(III) ions are different and the linkage of each pair of Mn(III) ions are not completely the same.
In order to qualitatively evaluate the magnitude of the magnetic interaction between the Mn(III) ions, the magnetic model of complex 1 was simplified by employing the same intramolecular magnetic coupling constant (J ) for the comparatively complicated case. In addition, the intermolecular magnetic interaction (zJ') was taken into account.
On the basis of the regular tetrahedron arrangement of Mn (1) (2) In which χ t is molar susceptibility per Mn III 4 unit only including intramolecular magnetic coupling, k is Boltzmann constant. The least-square fit of the experimental data in the whole temperature range to the above expressions gives the following parameters J = -3.52(1) cm
. The small zJ' value suggests the intermolecular magnetic interaction is weak. The above fitting results for the magnetic susceptibilities of complex 1 seems acceptable based on the assumption that the four Mn(III) ions system accords with regular tetrahedron arrangement model (the blue line in Figure 3) . However, the crystal structure parameters of complex 1 manifest that the coordination environments of four Mn(III) ions are largely different. Therefore, the above magnetic fitting model doesn't reflect the magnetic nature of complex 1.
In order to obtain the main parameters which can better reflect the actual situation of magnetic coupling of complex 1, we have carried out a very detailed analysis on the crystal structure parameters of complex 1 and referred to some relevant reports on the structural-magneto correlations of similar Mn(III) systems, 22 then offered an improved magnetic model for complex 1.
According to the crystal structure parameters of complex 1, the bond angles of Mn (1) (4) is 139.72 (16) o which is obviously different with the angles mentioned above. Therefore, the magnetic coupling between Mn(2) and Mn (4) o which is in the range of weak ferromagnetic coupling between neighboring Mn(III) ions. Moreover, the azide EO bridge transfers weak ferromagnetic coupling between Mn(2) and Mn (3)). In addition, there exists a Mn(3)-O(8)-Mn(4) magnetic coupling route between Mn(3) and Mn(4) with the angle of 92.25 (13) o which also should be in the range of ferromagnetic coupling. However, the measurement results of magnetic susceptibility indicate that the complex 1 shows an overall antiferromagnetic coupling interaction, which can be due to that the antiferromagnetic coupling interactions between Mn(2) and Mn(4), and between Mn(1) and Mn(2), Mn(3), and Mn(4) are dominated. Therefore, it is reasonable to fit the magnetic property of complex 1 mainly considering the four strong antiferromagnetic coupling interactions (Scheme 2). The relatively weak ferromagnetic coupling between Mn(2) and Mn(3) and between Mn(3) and Mn(4) together with the intercluster magnetic coupling can be classified to intermolecular interactions (zJ' ). Moreover, it is easily to understand that the two ferromagnetic coupling interactions above mentioned are dominating in zJ'.
On the basis of the above Mn III 4 model (Scheme 2), the magnetic susceptibilities of the title complex can be fitted accordingly by the below expression deduced from the spin . The theoretical values conform to the experimental values (the black line in Figure 3 ) and the best-fit parameters are also very reasonable, which manifested that the model well reflects the actual coupling situation of complex 1.
In (e g ), respectively. Based on the Kahn orbit model in complex 1, the ferromagnetic (t 2g + eg) and antiferromagnetic (t 2g + t 2g ) coupling coexist between the neighboring Mn(III) ions through oxygen atom bridge and the antiferromagnetic coupling contributions are dominated in the system. In addition, according to the spin polarization theory of the azido group, there may exist ferromagnetic coupling interaction between Mn(III) ions through EO azide bridge in complex 1, but in general the ferromagnetic coupling interaction is too much weak to atonement the net contribution of antiferromagnetic coupling bridged by oxygen atom between Mn(III) ions. According to the above described results, we can see that the complex 1 exhibits overall antiferromagnetic coupling.
Conclusion
In summary, we have synthesized a new tetranuclear manganese(III) adamantane-like complex [Mn 
